Morphological evidence for proliferative regeneration of the Anopheles stephensi midgut epithelium following Plasmodium falciparum ookinete invasion.
Ookinetes are motile invasive stages of the malaria parasite that enter the midgut epithelium of the mosquito vector via an intracellular route. Ookinetes often migrate through multiple adjacent midgut epithelial cells, which subsequently undergo apoptosis/necrosis and are extruded from the midgut epithelium into the midgut lumen. Hundreds of ookinetes may simultaneously invade the midgut epithelium, causing destruction of an appreciable proportion of the total number of midgut epithelial cells. However, there is little evidence that ookinete invasion of the midgut epithelium per se is detrimental to the survival of the mosquito vector implying that efficient mechanisms exist to restore the damaged midgut epithelium following malaria parasite infection. Proliferation and differentiation of precursor stem cells could replace the midgut epithelial cells destroyed and lost as a consequence of ookinete invasion. Although the existence of so-called "regenerative" cells within the mosquito midgut epithelium has long been recognized, there has been no previously published evidence for proliferation/differentiation of these putative precursor midgut epithelial cells in mature adult female mosquitoes. In the current study, examination of Giemsa-stained histological sections from Anopheles stephensi mosquito midguts infected with the human malaria parasite Plasmodium falciparum provided morphological evidence that regenerative cells undergo division and subsequent differentiation into normal columnar midgut epithelial cells. Furthermore, the number of these putatively proliferating/differentiating regenerative cells was significantly higher in P. falciparum-infected compared to uninfected mosquitoes, and was positively correlated with both the level of malaria parasite infection and midgut epithelial cell destruction. The loss of invaded midgut epithelial cells associated with intracellular migration by ookinetes, therefore, appears to trigger, and to be compensated by, proliferative regeneration of the mosquito midgut epithelium.